ABSTRACT
INTRODUCTION
Cowpea (Vigna unguiculata L. [Walp] ) is a highly nutritious grain legume belonging to the family Fabaceae. It ranks next to soybean in plant protein content and therefore serves as a cheap source of protein in human diet and livestock feed formulations [1] . Soils grown to cowpea do have significant increase in available nitrogen for the next cropping season. In Nigeria, cowpea is consumed solely when boiled or along with garri (cassava grains), bread, yam, plantain or rice. It can also be processed and eaten as fried or boiled cakes. There is an urgent need to increase cowpea yields by developing superior genotypes in Nigeria, the largest producer, importer and consumer of the grains in the world [2] . Identification and release of superior varieties in any crop is hindered notoriously by Genotype × Environment Interaction (GEI). GEI refers to the differential response of genotypes in different environments (location, year, season, etc.).
Consequently, performance ranking becomes difficult as a desirable genotype in an environment may be poor in another [3] . However, the knowledge of GEI gained through the several techniques has positive implication on the development of superior crop types [4, 5] . Kang and Magari [6] and Olayiwola and Ariyo [7] reported the consequence of selecting a high yielding but unstable genotypes in breeding program or commercial farms. According to Yan and Kang [8] , to statistically detect GEI, it is required that at least two genotypes are evaluated in at least two different locations. Various techniques have been employed in GEI studies but GGE (Genotype + Genotype × Environment) biplot by Yan [9] is the most recent, sophisticated and efficient [7, 8, 10, 11] . GEI analysis shows genotype adaptation and gives useful information for location-specific breeding. A genotype that consistently gives good performance over years in multi-environment trials (METS) can be said to well adapt to the test environments and breeders do consider such genotype for varietal release. Though much works have been reported on stability in Nigeria [11] ; those on cowpea are rather few. Genetic studies aimed at evaluating cowpea genotypes for consistent good performance in different environment becomes important.
Information obtained from the study could be helpful in the development of high yielding and stable genotypes to meet the growing demand of the locals in Nigeria. The aim of the study was therefore to evaluate promising cowpea genotypes for stability of performance at different environments (years) in South-western Nigeria.
MATERIALS AND METHODS
The study was conducted at the Teaching and Research Farm of the Federal University of Agriculture Abeokuta (7 o The weather data for the years is presented in Table 1 . Abeokuta is a transition between rainforest and derived savannah agro-ecology with a humid tropical climate and a mean annual rainfall of 1200mm.The soil of the experimental area was described as loamy sand and was classified as Arenic Plinthic Kandindalf [12] . Seven improved cowpea genotypes obtained from the Grain Legume Improvement Program (GLIP) of International Institute of Tropical Agriculture (IITA), Ibadan were used in the study. The genotypes include IFE-98-12 (entry 1), IT04K-227-4 (entry 2), IT04K-333-2 (entry 3), IT98K-573-1-1 (entry 4), IT98K-573-2-1 (entry 5), IT99K-1060 (entry 6), and LDP10-OBR1
(entry 7). In each year, the land was cleared, ploughed and harrowed. In all the environments (years), genotypes were evaluated on a single row plot laid out in randomized complete blocked design, replicated three times. Each row was 4 m long, 0.60 m apart with 0.30 m as within row distance. Two seeds were sown per hill and thinned to one at ten days after sowing (DAS).Karate 2.5 EC was applied at the rate of 80 ml/15L of water at two weeks interval to check insect pest and weeds were controlled manually as and when due.
In each year data were collected on seed yield and these were subjected to combined analysis of variance and means were separated using the Duncan Multiple Range Test (DMRT) of the Statistical Analysis Software (SAS) Institute Inc [13] . The data were further subjected to GEI analysis using the GGE biplot to determine the responses of genotypes to the different environments (years).
RESULTS
The combined analysis of variance for grain yield of the genotypes evaluated over years (Table 2) shows that effects due to genotype, year and Genotype x Environment Interaction were highly significant. IT98K-573-2-1(5) had the highest overall mean grain yield while IFE-98-12 (1) had the lowest grain yield ( Table 3 ). The rankings of the genotype based on grain yield differed from year to year (Table 3) Means with similar alphabets on the same column are not significantly different using DMRT at p<0.01
The GEI analysis based on GGE biplot shows that the first and second principal components (PC1 and PC2) accounted for 91.5% of the total variation (Fig 1) . The test environments (years) fell into three of the five sectors outlined on the polygon view, thus, the mega-environments were identified. AB10 and AB11 were in the same sector to form mega-environment 1. AB09 and AB12 occupied a sector each to form mega-environment 2 and 3 respectively. IT98K-573-2-1(5) and IT98K-573-1-1(4) were associated with mega-environment 1 with IT98K-573-2-1(5) being the vertex genotype. IT04K-333-2(3) was the vertex genotype in mega-environment 2 while IT04K-227-4(2) was at the vertex of the polygon in mega-environment 3. Four genotypes, IT99K-1060(6), LDP10-OBR1 (7) and IFE-98-12(1) fell into sectors containing none of the test environments. 
DISCUSSION AND CONCLUSION
The highest overall grain yield associated with IT98K-573-2-1 indicates that the genotype is high yielding and could be selected based on yield performance alone for improvement. IFE-98-12
with the lowest yield is however low yielding and not desirable based on grain yield performance.
However, the significant GEI implies that judgment on genotype performance could not be solely based on yield performance. This is particularly true as the rank of the genotype varied from environment to environment such that each year had different superior genotype, implying crossover type interaction. Ariyo [14] opined that crossover type interaction was due to imperfect correlation between the environment and genotype performance. According to Haldane [15] , GEI is present when superior genotype varies with environment. Kang and Magari [6] , Waldron, et al. [16] and Olayiwola and Ariyo [7] then concluded that simultaneous selection of genotypes for high yield and stability was more useful in multi-environment trial. The GEI present therefore makes further analysis imperative. The GGE biplot analysis by Yan [9] was employed in this study for the GEI analysis. The method through the biplot identifies megaenvironment (environment offering similar conditions to genotypes), best genotype in each megaenvironment, the ideal genotype (genotype that best combine high yield with stability) and the ideal environment (the most representative and highest discriminatory power). IFE-98-12 fell into sectors containing none of the test environments, an indication that they were poor yielding in one or more of the test environment [9] . This is true as the mean vs. stability biplot identified the three genotypes to have performed below average over years. IT98K-573-2-1 was again spotted as the most yielding genotype over years. On the mean vs. stability view of the GGE biplot, the projections from the abscissa towards the AEC ordinates are measures of stability. The length of the projection irrespective of direction is inversely proportional to the stability of a genotype Yan and Kang [8] . In this study LDP10-OBR1 had the shortest projection and therefore identified as the most stable. It was closely followed by IT98K-573-2-1, second best in terms of stability rating. IT04K 227-4-2 had the longest projection and therefore identified as the most unstable The GGE biplot decides on the desirability of a genotype based on the average yield and relative stability. The analysis identified IT98K-573-2-1 as a good combiner of high yield and stability; the mean table showed that the genotype was among the top three performers in most of the tested years. This implies that the genotype was well buffered and thus avoided fluctuations in performance across environments [17] . Becker and Leon [5] identified a successful cultivar as one that possesses high and stable yield potential over a wide range of environmental conditions. IT04K 333-2, IT04K 227-4-2 and IT98K 573-1-1 all performed above average but were not stable indicating that they were inconsistent in yearly performance and therefore unpredictable. LDP10-OBR1 was identified as the most stable but low yielding thereby becoming undesirable for selection. IFE-98-12 and IT99K-1060 were worse-off as both were identified to be unstable and yielded below average. The small circle (AEC) on the abscissa of the mean vs. stability biplot represents the "ideal genotype" [9] . He defined the ideal genotype based on the mean performance and stability. Since this "ideal" genotype rarely exists in nature, the closest genotype to the AEC is considered the ideal genotype [8] . In this study, IT98K-573-2-1 was the closest to the circle and therefore the ideal or most desirable genotype. The GGE biplot evaluates test environments based on discriminatory power and representativeness. The longer the vector of an environment the higher its power to discriminate among genotypes while the shorter the angle formed with the abscissa the more representative [8] [9] [10] . AB10 combined both and was also closest to the AEC ("ideal" environment). The year 2010 was therefore the best year of evaluation among the four years.
The influence of GEI on plant breeding necessitated multi-environment trials. The presence of the phenomenon in this study dictated that the decision on genotype desirability could not be based on yield alone but accompanied by stability to avoid substantial commercial losses. IT98K-573-2-1 best combined high yield and stability and therefore was considered the most desirable for Abeokuta, South-western Nigeria.
